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(54)  Hot  melt  adhesive  compositions. 

@  This  invention  relates  to  hot  melt  adhesive  compositions 
which  include  a  highly  unsaturated  hydrocarbon  rubber  or 
neoprene,  about  5  to  about  100  parts  by  weight  of  neutral- 
ised  sulphonated  EPDM  terpolymer  per  100  parts  by  weight 
of  the  highly  usaturated  hydrocarbon  rubber  or  neoprene, 
wherein  the  neutralised  sulphonated  EPDM  terpolymer  has 
about  5  to  about  50  meq.  of  neutralised  sulphonate  groups 
per  100  grams  of  the  neutralised  sulphonated  EPDM  terpoly- 
mer,  and  about  25  to  about  200  parts  by  weight  of  a 
hydrocarbon  resin  derived  from  polymerisation  of  petroleum 
or  coal  distillates  consisting  of  dienes,  mono-  and  di-olefins 
and  cyclic  olefins  having  5  or  6  carbon  atoms  per  100  parts 
by  weight  of  the  highly  unsaturated  hydrocarbon  rubber  or 
neoprene. 



T h i s   i n v e n t i o n   r e l a t e s   to  h o t   m e l t   a d h e s i v e   c o m -  

p o s i t i o n s   w h i c h   i n c l u d e   a  h i g h l y   u n s a t u r a t e d   h y d r o c a r b o n  

r u b b e r ,   5  to   100  p a r t s   by  w e i g h t   of  a  n e u t r a l -  

i z e d   s u l f o n a t e d   E P D M  -  t e r - p o l y m e r   p e r   100  p a r t s   by  w e i g h t  

of  t he   h i g h l y   u n s a t u r a t e d   h y d r o c a r b o n   r u b b e r ,   w h e r e i n   t h e  

n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r - p o l y m e r   has   5  t o  

50  meq.  of  n e u t r a l i z e d   s u l f o n a t e   g r o u p s   p e r   100  g r a m s  

of  t h e   n e u t r a l i z e d   s u l f o n a t e d   e l a s t o m e r i c   p o l y m e r ,   and  a b o u t  

25  to   200  p a r t s   by  w e i g h t   of  a  h y d r o c a r b o n   r e s i n   o f  a  

p e t r o l e u m   or  c o a l   t a r   d i s t i l l a t e ,   h a v i n g   5  t o   6 
c a r b o n   a toms   the   h y d r o c a r b o n   r e s i n   b e i n g   c o m p o s e d   of  a l i -  

p h a t i c   d i e n e s   and  m o n o o l e f i n s   p e r   100  p a r t s   by  w e i g h t   o f  

the   h i g h l y   u n s a t u r a t e d   h y d r o c a r b o n   r u b b e r .  

S e v e r a l   U . S .   P a t e n t s   have   d e s c r i b e d   s u l f o n a t e d  

p o l y m e r s   s u c h   as  s u l f o n a t e d   b u t y l   and  s u l f o n a t e d   EPDM  i n  

a d h e s i v e   a p p l i c a t i o n s   ( e . g .   U.S.   3 , 8 6 7 , 2 4 7   and  U . S .  

3 , 8 0 1 , 5 3 1 ) .   I t   i s   i m p o r t a n t   to  d i s t i n g u i s h   t he   p r e s e n t  

i n v e n t i o n   o v e r   t h o s e   p r i o r   a r t   s y s t e m s .   The  f o r m e r   p a t e n t  

is  d i r e c t e d   a t   a  s u l f o n a t e d   b u t y l   c e m e n t   w h i c h   is  s o l v e n t  
b a s e d   and  i s   e m p l o y e d   to   l a m i n a t e   v a r i o u s   s u b s t r a t e s .   I t  
is   i m p o r t a n t   to  n o t e   t h a t   t he   p re sen t   i n v e n t i o n   d i f f e r s  

d r a m a t i c a l l y   f rom  t h a t   p a t e n t   as  f o l l o w s :  

(a)  The  a d h e s i v e s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  
n o t   d e p o s i t e d   f rom  s o l v e n t s   b u t   a r e   h o t   m e l t   and  r e q u i r e   n o  
s o l v e n t s .  

(b)  The  a d h e s i v e s   of  the   p r e s e n t   i n v e n t i o n   i n -  

c o r p o r a t e   s u b s t a n t i a l   l e v e l s   of  a  h i g h l y   u n s a t u r a t e d   h y d r o -  
c a r b o n   r u b b e r   w h i c h   i s   a  c r i t i c a l   c o m p o n e n t   of  t h e s e  

s y s t e m s .  

(c)  The  p r e s e n t   i n v e n t i o n   may  o p t i o n a l l y   i n c l u d e  

a  p r e f e r e n t i a l   p l a s t i c i z e r   c a p a b l e   of  a s s o c i a t i n g   w i t h   t h e  
m e t a l   s u l f o n a t e   g r o u p s   and  t h e r e b y   r e d u c i n g   the   m e l t   v i s -  
c o s i t y   of  t he   r e s u l t i n g   b l e n d s   to  make  t h e   s y s t e m s   m o r e  
p r o c e s s a b l e .  



(d)  The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   a t   s u l -  

f o n a t e d   EPDM, 
w h e r e a s   most   of  t h e   p r i o r   a r t   d e a l s   w i t h   s u l f o n a t e d   b u t y l  
r u b b e r   ( e . g .   U .S .   3 , 8 6 7 , 2 4 7 ) .  

Wi th   r e g a r d   to   t he   l a t t e r   p o i n t ,   h i s t o r i c a l l y  

EPDM  s y s t e m s   do  n o t   p o s s e s s   good  t a c k   p r o p e r t i e s   and  s u b -  

s t a n t i a l   a r t   e x i s t s   d i r e c t e d   t o w a r d s   i m p r o v i n g   the   a d h e s i v e  

c h a r a c t e r i s t i c s   of   s u c h   s y s t e m s .   T h i s   p r o b l e m   b e c o m e s   e v e n  

more  a c u t e   when  EPDM  i s   s u l f o n a t e d   to  l e v e l s   of  5  to  50 

m i l l i e q u i v a l e n t s   (meq . )   p e r   100  g rams  of  p o l y m e r   a n d  

n e u t r a l i z e d .   The  r e s u l t i n g   c o m p o s i t i o n s   have   b e e n   w i d e l y  
u s e d   as  t h e   b a s i s   f o r   t h e r m o p l a s t i c s   e l a s t o m e r s   ( i . e .   U . S .  

p a t e n t   4 , 1 5 7 , 9 2 2 ;   4 , 0 1 4 , 8 3 1 ; e t c . ) .   The  use   of  t h e s e   m a t e r i -  

a l s   in  s u c h   a p p l i c a t i o n s   i s ,   in  p a r t ,   a  d e m o n s t r a t i o n   t h a t  
t he   p r o p e r t i e s   of  s u c h   m a t e r i a l s   a r e   j u s t   t he   o p p o s i t e   o f  

t h o s e   d e s i r e d   f o r   a d h e s i v e .   In  f a c t   such  m a t e r i a l s   a r e  
r e m a r k a b l y   d e v o i d   o f - t a c k   or  a d h e s i o n .   The  t a c k ,   t h e r e f o r e ,  
of  c o n v e r t i n g   such   p h y s i c a l l y   c r o s s l i n k e d   m a t e r i a l s   i n t o  

s u i t a b l e   a d h e s i v e   c a n d i d a t e s   is  a  p a r t i c u l a r l y   c h a l l e n g i n g  

one  f o r   two  r e a s o n s :   (a)  t h e   EPDM  b a c k b o n e   i s   p a r t i c u l a r l y  

u n s u i t e d   f o r   t h a t   p u r p o s e   b e i n g   a  v e r y   d ry   e l a s t o m e r ;   (b)  

t he   s t r o n g   a s s o c i a t i o n s   a t t r i b u t a b l e   to  m e t a l   s u l f o n a t e  

c r o s s l i n k s   f u r t h e r   i n h i b i t   a d h e s i o n   to  any  p a r t i c u l a r   s u b -  

s t r a t e .  
I  D e s p i t e   t h e s e   h a n d i c a p s   t h e r e   a r e   some  v e r y   g o o d  

r e a s o n s   f o r   s o l v i n g   t h e   p r o b l e m s   a s s o c i a t e d -  w i t h   c o n v e r t i n g  

s u l f o n a t e d   EPDM  i n t o   a  good  h o t   m e l t   a d h e s i v e   c o m p o s i t i o n .  

The  e x c e l l e n t   t h e r m a l   s t a b i l i t y   i n h e r e n t   in   t h e   EPDM  b a c k -  

bone   is   a  v e r y   d e s i r a b l e   p r o p e r t y   f o r   a d h e s i v e s   w h i c h   w i l l  

be  e x p o s e d   to   h i g h   t e m p e r a t u r e s   f o r   l ong   t i m e s .   Most   a d -  

h e s i v e s   b a s e d   on  o t h e r   e l a s t o m e r i c   b a c k b o n e s   can  s u f f e r   d e -  

g r a d a t i o n   u n d e r   t h o s e   c o n d i t i o n s .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  u n i q u e   and  n o v e l  
h o t   m e l t   a d h e s i v e   c o m p o s i t i o n s   wh ich   c o m p r i s e   a  b l e n d   of  a  
h i g h l y   u n s a t u r a t e d   h y d r o c a r b o n   r u b b e r ,   a  n e u t r a l i z e d   s u l -  
f o n a t e d   e l a s t o m e r i c   p o l y m e r   w h i c h   is   p r e f e r a b l y   an  EPDM 
t e r p o l y n e r ,  a n d   a  h y d r o c a r b o n   r e s i n ,   w h e r e i n   to  t h e  



c o m p o s i t i o n s   can   be  o p t i o n a l l y   added   an  i o n i c   p r e f e r e n t i a l  

p l a s t i c i z e r   o i l ,   a n d / o r   a  f i l l e r   t h e r e b y   m o d i f y i n g   t h e  

r h e o l o g i c a l   and  p h y s i c a l   p r o p e r t i e s   of  t h e   h o t   m e l t   a d -  

h e s i v e   c o m p o s i t i o n s .  

A.  H y d r o c a r b o n   R u b b e r  

The  h i g h l y   u n s a t u r a t e d   h y d r o c a r b o n   e l a s t o m e r s   a r e  

p o l y i s o p r e n e ,   p o l y b u t a d i e n e ,   p o l y p e n t e n a m e r ,   n a t u r a l   r u b b e r ,   s t y r e n e -  

b u t a d i e n e   r u b b e r ,   s t y r e n e / b u t a d i e n e   and  s t y r e n e / i s o p r e n e   block  c o p o l y m e r s  

or  m i x t u r e s   t h e r e o f .   Also  p o s s i b l e   is  neoprene   ( p o l y c h l o r o p r e n e ) .  

P o l y i s o p r e n e   and  n a t u r a l   rubber   are  the  p r e f e r r e d   members  of  t h i s  

g r o u p .  
An  e x c e l l e n t   d e s c r i p t i o n   of  v a r i o u s   t y p e s   o f  

i s o p r e n e   p o l y m e r s   is   f o u n d   in   t he   " E n c y c l o p e d i a   of  P o l y m e r  
S c i e n c e   and  T e c h n o l o g y " ,   V o l .   7,  page   782 ,   I n t e r s c i e n c e  

P u b l i s h e r s ,   D iv .   of  J.  W i l e y   &  Sons  1967  e d i t i o n .   The  p o l y -  

i s o p r e n e s   u s e f u l   in  t h e  p r e s e n t   i n v e n t i o n   v a r y   in  s t r u c t u r e  

and  can  be  p r i m a r i l y   c i s - 1 , 4   p o l y i s o p r e n e   or  p r i m a r i l y   t r a n s  

1,4  p o l y i s o p r e n e .   I t   is   p r e f e r r e d   t h a t   t h e s e   m a t e r i a l  s h o u l d   n o t  

be  h i g h l y   c r y s t a l l i n e ;   i t   i s   p r e f e r r e d   t h a t   t h e y   p o s s e s s  
l i t t l e   or   no  c r y s t a l l i n i t y   in  o r d e r   t h a t   t h e y   i m p a r t   a  
s u i t a b l e   l e v e l   of  t a c k   to  t h e   b l e n d s   h e r e i n   d e s c r i b e d .  

P o l y i s o p r e n e   can  v a r y   w i d e l y   in  m o l e c u l a r   w e i g h t ,  

r e s u l t i n g   in  a  s i g n i f i c a n t   d i f f e r e n c e   in  p h y s i c a l   p r o p e r t i e s  

of  t h e   p o l y m e r   and  i t s   b l e n d s .   The  u se   of  low  m o l e c u l a r  

w e i g h t   p o l y i s o p r e n e s   g i v e s   r i s e   to  a  t a c k y   p r o d u c t   when  i n -  

c o r p o r a t e d   in  t h e   b l e n d s   of  t he   p r e s e n t   i n v e n t i o n ,   w h i l e  

p h y s i c a l   p r o p e r t i e s   of  s u c h   b l e n d s   s u c h   as  p e e l   s t r e n g t h  

can  s u f f e r .   The  u se   of  v e r y   h i g h   m o l e c u l a r   w e i g h t   p o l y i s o -  

p r e n e s ,   h o w e v e r ,   can  p r o v i d e   a  more  s t r i n g e n t   c o n t r o l   o v e r  

t h e   l e v e l s   and  t y p e s   of  o t h e r   p o l y m e r s   or   t a c k i f i e r s   i n -  

c o r p o r a t e d   in  t he   b l e n d s   due  to  some  d e c r e a s e   in  c o m p a t i -  

b i l i t y .   H o w e v e r ,   such   h i g h   m o l e c u l a r   w e i g h t   p o l y i s o p r e n e s  

can  r e s u l t   in  d e s i r a b l y   h i g h  p e e l   s t r e n g t h s .   G e n e r a l l y , o n e   u s e s  

p o l y i s o p r e n e s   w h i c h   v a r y   in  number   a v e r a g e   m o l e c u l a r   w e i g h t  

f rom  4 , 0 0 0   to  5 0 0 , 0 0 0 ,   p r e f e r a b l y   f rom  1 0 , 0 0 0   to  4 0 0 , 0 0 0 .  



S i m i l a r l y ,   t h e   o t h e r   h i g h l y   u n s a t u r a t e d   p o l y m e r s  

such   as  n a t u r a l   r u b b e r   c a n   be  e m p l o y e d   o v e r   a  r a n g e   o f  

m o l e c u l a r   w e i g h t s .   O b v i o u s l y   in   t h e   c a s e   of  n a t u r a l   r u b b e r ,  

t he   r a n g e   of  a v a i l a b l e   m o l e c u l a r   w e i g h t s   i s   more  l i m i t e d  

t h a n   in  t he   c a s e   of  t h e   s y n t h e t i c   p o l y i s o p r e n e s ,   n e v e r t h e -  

l e s s , ' t h o s e   p o l y m e r s   w h i c h   a r e   c o m m e r c i a l l y   a v a i l a b l e   a r e  

s a t i s f a c t o r y   in  t h e   p r e s e n t   i n v e n t i o n .   In  t h o s e   c a s e s  

where   a  l o w e r   m o l e c u l a r   w e i g h t   e l a s t o m e r   i s   d e s i r e d ,   i t   c a n  
be  a c h i e v e d   by  s h e a r   on  a  r u b b e r   m i l l   wh ich   is  a  w e l l - k n o w n  

t e c h n i q u e   to  l o w e r   t h e   m o l e c u l a r   w e i g h t .  

B.  S u l f o n a t e d   P o l y m e r   and  P r o c e s s   f o r   F o r m i n g  

The  n e u t r a l i z e d   s u l f o n a t e d   e l a s t o m e r i c   p o l y m e r s   o f  

t h i s   p r e s e n t   i n v e n t i o n   a r e   d e r i v e d   from  u n s a t u r a t e d  

EPDM  t e r p o l y m e r s .   - 
EPDM  p o l y m e r s   a r e   known  in  t he   r u b b e r  

i n d u s t r y   as  v e r y   d r y   r u b b e r s   m e a n i n g   t h a t   t hey   a re   r e l a -  

t i v e l y   n o n - t a c k y ,   and  i n d e e d   a r e   v e r y   l i m i t e d   in  a d h e s i v e  

a p p l i c a t i o n s   f o r   t h a t   r e a s o n .   T h e r e f o r e ,   the   p r e sen t   i n -  

v e n t i o n   i s   s p e c i f i c a l l y   a t t r a c t i v e   f o r   s u l f o n a t e d   EPDM 

s y s t e m s   in  t h a t   t h e s e   m a t e r i a l s   p o s s e s s   a  ve ry   h i g h   d e g r e e  
of  i o n i c   c r o s s l i n k i n g   w h i c h   can  be  c o n t r o l l e d   by  p l a s t i c i z a -  

t i o n   y e t   can  be  m o d i f i e d   w i t h   t he   b l e n d s   t a u g h t   h e r e i n   t o  

have  good  a d h e s i v e   q u a l i t i e s .   T h i s   c o m b i n a t i o n   of  g o o d  
a d h e s i o n   and  a d e q u a t e   t e n s i l e   p r o p e r t i e s   is   h i g h l y   s o u g h t  
in  a  number   of  a d h e s i v e   a p p l i c a t i o n s ,   y e t   is  p a r t i c u l a r l y  
d i f f i c u l t   to  a c h i e v e   w i t h   t h e   s u l f o n a t e d   e t h y l e n e   p r o p y l e n e  

t e r p o l y m e r s .   T h i s   i n v e n t i o n   w i l l   d e s c r i b e   how  such   e l a s t o -  

mers  can  be  b l e n d e d   to   a c h i e v e   some  of  t h e s e   d e s i r a b l e   p r o -  
p e r t i e s .  

The  EPDM  t e r p o l y m e r s   a r e   low  u n s a t u r a t i o n   p o l y -  

mers  h a v i n g   1  to   1010,  more  p r e f e r a b l y   2  to  8,  most  p r e f e r a b l y  
3 to   7  wt.%  o l e f i n i c   u n s a t u r a t i o n   d e f i n e d  

according  to  the  d e f i n i t i o n   as  f o u n d  
in  ASTM  D - 1 4 1 8 - 6 4   and  is   i n t e n d e d   to  mean  t e r p o l y m e r s   c o n -  

t a i n i n g   e t h y l e n e   and  p r o p y l e n e   in  the  b a c k b o n e   and  a  d i e n e  

in  the  s i d e   c h a i n .   I l l u s t r a t i v e   m e t h o d s   for   p r o d u c i n g  



t h e s e   t e r p o l y m e r s   a r e   f o u n d   in  U'.S.  P a t e n t   3 , 2 8 0 , 0 8 2 ;  

B r i t i s h   P a t e n t   1 , 0 3 0 , 2 8 9   and  F r e n c h   P a t e n t   1 , 3 8 6 , 6 0 0 .  

The  p r e f e r r e d   p o l y -  

mers   c o n t a i n   40  to  65  wt .%  e t h y l e n e   and  a b o u t  

1  to  a b o u t   10  w t .  %   of  a  d i e n e   m o n o m e r ,   t h e   b a l a n c e   of  t h e  

p o l y m e r   b e i n g   p r o p y l e n e .   P r e f e r a b l y ,   t h e   p o l y m e r   c o n t a i n s  

45  to   65  wt.%  more   p r e f e r a b l y   45  t o  

60  wt .   % ,  e . g . ,   50  wt .   % ethylene  and  2.6  to  8 . 0  w t . % ,  

e.g.   5.0  wt.%  d iene   monomer.  Such  EPDM  p o l y m e r s   a r e   s u b -  

s t a n t i a l l y   n o n c r y s t a l l i n e   m e a n i n g   t h e y   p o s s e s s   l e s s   t h a n  

20%  c r y s t a l l i n i t y   as  d e t e r m i n e d   by  x - r a y   t e c h n i q u e s .   T h e  

d i e n e   monomer  is   p r e f e r a b l y   a  n o n - c o n j u g a t e d   d i e n e .   I l l u s -  

t r a t i v e   of  t h e s e   n o n - c o n j u g a t e d   d i e n e   m o n o m e r s   w h i c h   may  
be  u s e d   in  t h e   t e r p o l y m e r   (EPDM)  a r e   1 , 4 - h e x a d i e n e ,   d i -  

c y c l o p e n t a d i e n e ,   5 - e t h y l i d e n e - 2 - n o r b o r n e n e ,   5 - m e t h y l e n e -  

2 - n o r b o r n e n e ,   5 - p r o p e n y l - 2 - n o r b o r n e n e ,   and  m e t h y l  t e t r a -  

h y d r o i n d e n e .   A  t y p i c a l   EPDM  is   V i s t a l o n   2504  (Exxon  C h e m i -  

c a l   C o . ) ,   a  t e r p o l y m e r   h a v i n g   a  Mooney  v i s c o s i t y   (ML,  1  + 

8,  212°F)   of  40  and  h a v i n g   an  e t h y l e n e   c o n t e n t   o f  

50  wt .   %  and  a  5 - e t h y l i d e n e - 2 - n o r b o r n e n e   c o n t e n t   o f  

5 .0   wt .   %.  The  Mn  as.  m e a s u r e d   by  GPC  of   V i s t a l o n  

2504  is   4 7 , 0 0 0 ,   t he   Mv  as  m e a s u r e d   by  GPC  i s  

1 4 5 , 0 0 0   and  t h e   Mw  as  m e a s u r e d   by  GPC  i s   1 7 4 , 0 0 0 .  
A n o t h e r   EPDM  t e r p o l y m e r   V i s t a l o n   2 5 0 4 - 2 0   i s   d e r i v e d   f r o m  

V i s t a l o n   2504  (Exxon  C h e m i c a l   Co.)   by  a  c o n t r o l l e d   e x t r u -  

s i o n   p r o c e s s ,   w h e r e i n   t h e   r e s u l t a n t   Mooney  v i s c o s i t y   (ML, 

1  +  8,  212°F)   i s   20.   The  Mn  as  m e a s u r e d   by  GPC  o f  
V i s t a l o n   2 5 0 4 - 2 0   is   2 6 , 0 0 0 ,   t h e   M v  a s   m e a s u r e d   b y  
GPC  is   9 0 , 0 0 0   and  t h e   Mw  as  m e a s u r e d   by  GPC  i s   a b o u t  
1 2 5 , 0 0 0 .   N o r d e l   1320  ( D u P o n t )   is   a n o t h e r   t e r p o l y m e r   h a v i n g  

a  Mooney  v i s c o s i t y   (ML,  1  +  8,  212°F)   of  25  and  h a v i n g  
53  wt .   %  of   e t h y l e n e ,   3 . 5   wt .   %  of   1 , 4 - h e x a d i e n e ,  
and  43 .5   w t .  %   of  p r o p y l e n e .  

A n o t h e r   EPDM  t e r p o l y m e r   V i s t a l o n   ( M D - 7 6 - 5 ) ' i s   a  

t e r p o l y m e r   h a v i n g   a  Mooney  v i s c o s i t y   (ML,  1  +  8,  212°F)  o f  

20,  and  Mn  as  m e a s u r e d   bv  GPC  of  6 0 , 0 0 0   and  a  



wt.  %  e t h y l e n e   c o n t e n t   of  5 5 .  

The  EPDM  t e r p o l y m e r s   of  t h i s   i n v e n t i o n   have  a  

number   a v e r a g e   m o l e c u l a r   w e i g h t   (Mn)  as  m e a s u r e d   by  GPC  o f  

a b o u t   1 0 , 0 0 0   to  2 0 0 , 0 0 0 ,   more  p r e f e r a b l y   o f  

1 5 , 0 0 0  t o   1 5 , 0 0 0   t o   1 0 0 , 0 0 0 ,   and  m o s t   p r e f e r a b l y   o f  

2 0 , 0 0 0   to   6 0 , 0 0 0 .   The  Mooney  v i s c o s i t y   (ML,  1  +  8 ,  
212°F)   of  t h e   E P D M  t e r p o l y m e r   i s   5  to  50,   m o r e  
p r e f e r a b l y   10  to   5 0 ,  m o s t   p r e f e r a b l y   10  
to  40.   The  Mv  as  m e a s u r e d   by  GPC  of  t h e   EPDM  t e r -  
p o l y m e r   i s   p r e f e r a b l y   b e l o w   3 5 0 , 0 0 0   and  m o r e   p r e -  
f e r a b l y   b e l o w   3 0 0 , 0 0 0 .   The  Mw  as  m e a s u r e d   by  GPC  o f  
t he   EPDM  t e r p o l y m e r   i s   p r e f e r a b l y   b e l o w   5 0 0 , 0 0 0   a n d  

more  p r e f e r a b l y   b e l o w   3 5 0 , 0 0 0 .  
The  s u l f o n a t e d   EPDM  t e r p o l y m e r s   a r e   fo rmed   b y  

d i s s o l v i n g   t h e   e l a s t o m e r i c   p o l y m e r   in  a  n o n - r e a c t i v e   s o l -  

v e n t   s u c h   as  c h l o r i n a t e d   a l i p h a t i c   s o l v e n t ,   c h l o r i n a t e d  

a r o m a t i c   h y d r o c a r b o n ,  a n   a r o m a t i c   h y d r o c a r b o n ,   or  an  a l i -  

p h a t i c   h y d r o c a r b o n   s u c h   as  c a r b o n   t e t r a c h l o r i d e ,   d i c h l o r o -  

e t h a n e ,   c h l o r o b e n z e n e ,   b e n z e n e ,   t o l u e n e ,   x y l e n e ,   c y c l o -  

h e x a n e ,   p e n t a n e ,   i s o p e n t a n e ,   h e x a n e ,   i s o h e x a n e   or  h e p t a n e .  

The  p r e f e r r e d   s o l v e n t s   a r e   t he   l o w e r   b o i l i n g   a l i p h a t i c  

h y d r o c a r b o n s .   A  s u l f o n a t i n g   a g e n t   is  a d d e d   to  the   s o l u t i o n  

of  t he   e l a s t o m e r i c   p o l y m e r   and  n o n - r e a c t i v e   s o l v e n t   a t   a  

t e m p e r a t u r e   of  - 1 0 0 ° C   to   100°C  f o r   a  p e r i o d   o f  

t i m e   of  1  to   60  m i n u t e s ,   m o s t   p r e f e r a b l y   a t  

room  t e m p e r a t u r e   f o r   5  to   45  m i n u t e s ;   and  m o s t  

p r e f e r a b l y   15  to   30 .   T y p i c a l   s u l f o n a t i n g   a g e n t s  
a re   d e s c r i b e d   in  U . S .   P a t e n t s   3 , 6 4 2 , 7 2 8   and  3 , 8 3 6 , 5 1 1 , T h e  s u l -  

f o n a t i n g   a g e n t s   a r e   s e l e c t e d   from  a n  a c v l   s u l f a t e ,   a  m i x -  
t u r e   of  s u l f u r i c   a c i d   and  an  a c i d   a n h y d r i d e   or  a  c o m p l e x   o f  

a  s u l f u r   t r i o x i d e   d o n o r   and  a  Lewis   b a s e   c o n t a i n i n g   o x y g e n ,  

s u l f u r ,   or  p h o s p h o r u s .   T y p i c a l   s u l f u r   t r i o x i d e   d o n o r s   a r e  

S03,   c h l o r o s u l f o n i c   a c i d ,   f l u o r o s u l f o n i c   a c i d ,   s u l f u r i c   a c i d ,  

o l e u m ,   e t c .   T y p i c a l  L e w i s   b a s e s   a r e :   d i o x a n e ,   t e t r a h y d r o -  

f u r a n  t e t r a h y d r o t h i o p h e n e   or  t r i e t h y l   p h o s p h a t e .   The  m o s t  



p r e f e r r e d   s u l f o n a t i o n   a g e n t   f o r   t h i s   i n v e n t i o n   i s   one  of  the  a c y l  

s u l f a t e S   o r  
b e n z o y l ,   a c e t y l ,   p r o p i o n y l   b u t y r y l   s u l f a t e .   The  a c y l  

s u l f a t e   can  be  f o r m e d   in  s i t u   in  t he   r e a c t i o n   medium  or  p r e -  
g e n e r a t e d   b e f o r e   i t s   a d d i t i o n   to  t he   r e a c t i o n   medium  in  a  
c h l o r i n a t e d   a l i p h a t i c   or   a r o m a t i c   h y d r o c a r b o n .  

I t   s h o u l d   be  p o i n t e d   o u t   t h a t   n e i t h e r   t h e   s u l -  

f o n a t i n g   a g e n t   no r   t h e   m a n n e r   of  s u l f o n a t i o n   i s   c r i t i c a l ,  

p r o v i d e d   t h a t   t h e   s u l f o n a t i n g   m e t h o d   does   n o t   d e g r a d e   t h e  

EPDM  t e r p o l y m e r   b a c k b o n e .   The  r e a c t i o n   i s   q u e n c h e d   w i t h  

an  a l i p h a t i c   a l c o h o l   s u c h   as  m e t h a n o l ,   e t h a n o l   or  i s o -  

p r o p a n o l ,   w i t h   an  a r o m a t i c   h y d r o x y l   c o m p o u n d ,   s u c h   a s  

p h e n o l ,   as  c y c l o a l i p h a t i c   a l c o h o l   such   as  c y c l o h e x a n o l   o r  

w i t h   w a t e r .   The  s u l f o n a t e d   EPDM  t e r p o l y m e r   has   a b o u t  5   t o  

a b o u t   50  meq.  s u l f o n a t e   g r o u p s   p e r  1 0 0   g rams   of  s u l f o n a t e d  

p o l y m e r ,   more  p r e f e r a b l y   7  to   40;  and  m o s t  

p r e f e r a b l y  ; 7   to   2 0 . '   The  meq.   of   s u l f o n a t e  

g r o u p s   p e r   100  g r a m s   of  p o l y m e r   i s   d e t e r m i n e d   by  b o t h   t i t r a -  

t i o n   of  t he   p o l y m e r i c   s u l f o n i c   a c i d   and  D i e t e r t   S u l f u r  

a n a l y s i s .   In  t h e   t i t r a t i o n   of  t h e   s u l f o n a t e d   p o l y m e r ,   t h e  

p o l y m e r   is   d i s s o l v e d   in  s o l v e n t   c o n s i s t i n g   of  95  p a r t s  b y   volume  o f  

t o l u e n e   and  5  p a r t s   by  volume  of  methanol  at  a  c o n c e n t r a t i o n   l eve l   o f  

50  g rams  pe r   l i t e r   of  s o l v e n t .   The  s u l f o n a t e d   EPDM  t e r -  

p o l y m e r   is  t i t r a t e d   w i t h   e t h a n o l i c   s o d i u m   h y d r o x i d e   to  a n  

A l i z a r i n - T h y m o l p h t h a l e i n   e n d - p o i n t .  

The  s u l f o n a t e d   EPDM  t e r p o l y m e r   i s   ge l   f r e e   a n d  

h y d r o l y t i c a l l y   s t a b l e .   Gel  i s   m e a s u r e d   by  s t i r r i n g   a  g i v e n  

w e i g h t   of  p o l y m e r   in  a  s o l v e n t   c o m p r i s e d   of  95  v o l - t o l u e n e - 5   v o l -  

m e t h a n o l   a t   a  c o n c e n t r a t i o n   of  5  wt .   %,  f o r   24  h o u r s ,  

a l l o w i n g   t he   m i x t u r e   to  s e t t l e ,   w i t h d r a w i n g   a  w e i g h e d   s a m p l e  

of  the   s u p e r n a t a n t   s o l u t i o n   and  e v a p o r a t i n g   to  d r y n e s s .  

H y d r o l y t i c a l l y   s t a b l e   means  t h a t   the   a c i d   f u n c t i o n ,   in  t h i s  

c a se   the   u n n e u t r a l i z e d   s u l f o n a t e   g r o u p s ,   w i l l   no t   be  e l i m i -  

n a t e d   u n d e r   n e u t r a l   or  s l i g h t l y   b a s i c   c o n d i t i o n s   to  a  

n e u t r a l   m o i e t y   w h i c h   is   i n c a p a b l e   of  b e i n g   c o n v e r t e d   t o  

h i g h l y   i o n i c   f u n c t i o n a l i t y .  



The  s u l f o n a t e d   EPDM  t e r p o l y m e r   is  n e u t r a l i s e d  

by  t h e   a d d i t i o n   of  a  s o l u t i o n   of  a  b a s i c   s a l t   t o  

t h e   u n n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r p o l y m e r   d i s s o l v e d   i n  

t h e   m i x t u r e   of  t h e   a l i p h a t i c   a l c o h o l   and  n o n - r e a c t i v e   s o l -  

v e n t .   The  b a s i c   s a l t   is  d i s s o l v e d   in   a  b i n a r y   s o l v e n t  

s y s t e m   c o n s i s t i n g   of  w a t e r   a n d / o r   an  a l i p h a t i c   a l c o h o l .  

The  c o u n t e r i o n   of   t he   b a s i c   s a l t   i s   a  

c a r b o x y l i c   a c i d   h a v i n g   f rom  1  to   4  c a r b o n   a t o m s  p e r   m o l e c u l e ,  

a  h y d r o x i d e ,   an  a l k o x i d e   h a v i n g   a b o u t   1  to  a b o u t   4  c a r b o n   atoms  p e r  
m o l e c u l e   or  a  m i x t u r e   t h e r e o f .   The  p r e f e r r e d   n e u t r a l i z i n g  

a g e n t   i s   a  m e t a l   a c e t a t e ,   more  p r e f e r a b l y   z i n c   a c e t a t e .  

S u f f i c i e n t   m e t a l   s a l t   of  t he   c a r b o x y l i c   a c i d   is   added   t o  

t h e   s o l u t i o n   of  t h e   a c i d   form  of  t h e   e l a s t o m e r i c   p o l y m e r   t o  

e f f e c t   n e u t r a l i z a t i o n .   I t   i s   p r e f e r a b l e   to  n e u t r a l i z e   a t  

l e a s t   95%  of   t h e   u n n e u t r a l i z e d   s u l f o n a t e   g r o u p s ,   m o r e . p r e f -  

e r a b l y   98%,  m o s t   p r e f e r a b l y   100%.  Examples  o f  

m e t a l   o x i d e s   u s e f u l   in  p r e p a r i n g   m e t a l   s u l f o n a t e s   are   MgO, 

CaO,  BaO,  ZnO,  Ag20 ,   Pb02  and  P b 3 0 4 .   U s e f u l   e x a m p l e s   o f  

m e t a l   h y d r o x i d e s   a r e   NaOH,  KOH,  LiOH,  Mg(OH)2  and  B a ( O H ) 2 .  
A l t e r n a t i v e l y ,   t h e   u n n e u t r a l i z e d   s u l f o n a t e d   g r o u p s   of  t h e  

u n n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r p o l y m e r   can  be  n e u t r a l i z e d  

w i t h   an  o r g a n i c   amine   such   as  d e s c r i b e d   in  U.S .   P a t e n t  

3 , 6 4 2 , 7 2 8 .  
The  n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r p o l y m e r   is   i n -  

c o r p o r a t e d   i n t o   the   ho t   m e l t   a d h e s i v e   c o m p o s i t i o n   a t  

5  t o   1 0 0 ,   more  p r e f e r a b l y   about  10  to  90  and  most  p r e f e r a b l y   15 

to  75  p a r t s   by  weight   per  100  p a r t s   by  weight   of  the  h i g h l y  
u n s a t u r a t e d   h y d r o c a r b o n   r u b b e r .  

C.  P l a s t i c i z e r s  

The  m e t a l   s u l f o n a t e   c o n t a i n i n g   p o l y m e r s   a t   h i g h e r  

s u l f o n a t e   l e v e l s   can  p o s s e s s   e x t r e m e l y   h i g h   m e l t   v i s c o s i -  

t i e s   and  a r e   t h e r e b y   d i f f i c u l t   to  p r o c e s s .   The  o p t i o n a l  

a d d i t i o n   of  i o n i c   g r o u p   ( p r e f e r e n t i a l )   p l a s t i c i z e r s   m a r k e d l y  

r e d u c e s   m e l t   v i s c o s i t y   and  f r e q u e n t l y   e n h a n c e s   p h y s i c a l   p r o p -  
e r t i e s .   To  t h e   n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r p o l y m e r   i s  



a d d e d ,   in  e i t h e r   s o l u t i o n   or  to  t he   crumb  of   t h e   s u l f o n a t e d  

EPDM  t e r p o l y m e r ,   a  p r e f e r e n t i a l   p l a s t i c i z e r   which  i s  

a  c a r b o x y l i c   a c i d   h a v i n g   5  t o  

30  c a r b o n   a t o m s ,   more   p r e f e r a b l y   8  to  22  carbon  atoms 

per  molecule   o r  a - b a s i c   s a l t   of  these   c a r b o x y l i c   a c i d s ,  

w h e r e i n   t h e   m e t a l   i on   of  t he   b a s i c   s a l t   i s  

aluminum,  ammonium,  lead  or  an  ion  of  a  me ta l   of  Groups  
IA,  I I A ,   IB  and  IIB  of  t he   P e r i o d i c   T a b l e   of   E l e m e n t s   o r  a  

m i x t u r e   t h e r e o f .   The  c a r b o x y l i c   a c i d s   m a y  b e  

l a u r i c ,   m y r i s t i c ,   p a l m i t i c   o r  

s t e a r i c   a c i d s   or  a  mix ture   t h e r e o f ;   e . g . ,   z i n c   s t e a r a t e ,  

m a g n e s i u m   s t e a r a t e   or  z i n c   l a u r a t e .  

The  p r e f e r e n t i a l   p l a s t i c i z e r   may  be  i n c o r p o r a t e d   i n t o  
t h e   n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r p o l y m e r   a t   3  to  75,  more 
p r e f e r a b l y   at  7  to  50,  and  most  p r e f e r a b l y   at  about   10  to  30  par t s   b y .  
weight   based  on  100  p a r t s   by  w e i g h t - o f   the  n e u t r a l i s e d   s u l p h o n a t e d  

p o l y m e r .  
The  m e t a l l i c   s a l t   of   t he   c a r b o x y l i c   a c i d   can   a l s o   be  u s e d  

as  n e u t r a l i z i n g   a g e n t .   In  t h e   c a s e   of  t h e   n e u t r a l i z i n g  

a g e n t   and  p l a s t i c i z e r  b e i n g   t h e   i d e n t i c a l   c h e m i c a l   s p e c i e s ,  
a d d i t i o n a l   m e t a l l i c   s a l t   i s   a d d e d   o v e r   t h e   r e q u i r e d   l e v e l s  

of  n e u t r a l i z a t i o n .   A l t e r n a t i v e   p r e f e r e n t i a l  

p l a s t i c i z e r s   a re   a m i n e s ,   a m i d e s  s u c h   a s  

s t e a r a m i d e ,   ammonium  and  amine   s a l t s   of  c a r b o x y l i c   a c i d s   o r  
m i x t u r e s   t h e r e o f .   The  p r e f e r r e d   p l a s t i c i z e r s   a re   c a r b o x y l i c  

ac ids   having  about  8  to  about  22  carbon  atoms  per  m o l e c u l e ,  
m e t a l l i c   s a l t s   of  t h e s e   c a r b o x y l i c   a c i d s   or  a 

m i x t u r e .   t h e r e o f .   The  r e s u l t a n t   n e u t r a l i z e d   s u l f o n a t e d  

e l a s t o m e r i c   p o l y m e r   w i t h   p r e f e r e n t i a l   p l a s t i c i z e r   is  i s o -  

l a t e d   from  t he   s o l u t i o n   by  c o n v e n t i o n a l   s t e a m   s t r i p p i n g   a n d  

f i l t r a t i o n .  

D.  C o m m e r c i a l   T a c k i f i e r   R e s i n s  

To  t he   h o t   m e l t   a d h e s i v e   c o m p o s i t i o n   is  added  a  

c o m m e r c i a l   t a c k i f y i n g   r e s i n   h a v i n g   a  s o f t e n i n g   p o i n t   o f  

0  to  160°C ,   more  p r e f e r a b l y   50  t o  

140°C  and  most   p r e f e r a b l y   70  to  120°C .   A  v a r i e t y   o f  



c o m m e r c i a l   t a c k i f i e r   r e s i n s   a r e   a v a i l a b l e .   Some  of  t h e s e  

r e s i n s   c o n t a i n   @  a n d / o r  β  p i n e n e   b a s e   p o l y t e r p e n e   r e s i n s  

as  t he   main   i n g r e d i e n t   w h i l e   o t h e r s   a r e   d e r i v e d   from  t h e  

p o l y m e r i z a t i o n   of   p e t r o l e u m   or  c o a l   d i s t i l l a t e s   w h i c h   c o n -  
s i s t   of  a l i p h a t i c   d i e n e s ,   mono  and  d i - o l e f i n s   and  c y c l i c  
o l e f i n s   h a v i n g   5  or  6  c a r b o n   a t o m s   per  m o l e c u l e .   The  l a t t e r  

t y p e   of  t a c k i f i e r s   have   p r i m a r i l y   p i p e r y l e n e   and/or   i s o p r e n e  

s t r u c t u r e .   A  g e n e r a l   b u t   e x c e l l e n t   d e s c r i p t i o n   of  t a c k i -  

f y i n g   r e s i n s   d e r i v e d   f rom  p e t r o l e u n   d e r i v a t i v e s   can  be  f o u n d  

i n ,   f o r   e x a m p l e ,   E n c y c l o p e d i a   of  P o l y m e r   S c i e n c e   a n d  

T e c h n o l o g y ,   V o l .   9,  P a g e s   853  to  860 ,   c h a p t e r   by  J o h n  

F i n d l a y ,   p u b l i s h e d   by  John   W i l e y  &   S o n s ,   NY  ( 1 9 6 8 ) .  

T y p i c a l   b u t   n o n - l i m i t i n g   t r a d e n a m e s   of  t h e s e   c o m -  
m e r c i a l   t a c k i f i e r s   a r e   W i n g t a k   of  G o o d y e a r ,   E s c o r e z   o f  

E x x o n ,   P i c c o l y t e   of  H e r c u l e s   and  Z o n r e z   of  A r i z o n a   C h e m i c a l s  

R e c e n t l y   t h e s e   and  v a r i o u s   o t h e r   c o m p a n i e s   have   a l s o   s t a r t e d  

m a r k e t i n g   r e l a t i v e l y  h i g h e r   s o f t e n i n g   p o i n t   r e s i n s .   T h e s e  

a r e   g e n e r a l l y   m o d i f i e d   a l i p h a t i c   h y d r o c a r b o n   r e s i n s   a n d / o r  

h y d r o g e n a t e d   p o l y c y c l i c s .   The  p h y s i c a l   a p p e a r a n c e   of  t h e s e  

c o m m e r c i a l   t a c k i f y i n g   r e s i n s   v a r i e s ,   d e p e n d i n g   upon  t h e i r  

s o f t e n i n g   p o i n t ,   t h e y   can  be  e i t h e r   v i s c o u s   l i q u i d s   o r  

l i g h t - c o l o r e d   s o l i d s   a t   room  t e m p e r a t u r e .   Most  o f t e n   t h e i r  

i n i t i a l   c o l o r   ( G a r d n e r )   is   3 .0   to  7 .0   and   t h e  

d e n s i t y   f rom  0 .7   to   1 .0   gm/cm3  a t   room  t e m p e r a t u r e .  
The  a c i d   number   of  t h e s e   r e s i n s   i s   u s u a l l y   l e s s   t h a n   1 .  

In  g e n e r a l ,   t h e   m o l e c u l a r   w e i g h t   of  t h e s e   c o m m e r c i a l   t a c k i -  

f y i n g   r e s i n s   i s   n o t   h o m o g e n e o u s ,   i t   s p r e a d s   t he   n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   Mn  can  be  f r o m   300  t o  
5000  and  more  p r e f e r a b l y   500  to  2000  and   m o s t  

p r e f e r a b l y   700  to   1 6 0 0 .  

As  w e l l - k n o w n   to  t h o s e   f a m i l i a r   w i t h   t he   use  o f  

t a c k i f y i n g   r e s i n s ,   b e c a u s e   of  t h e i r   w i d e   r a n g e   c o m p a t a b i l i t y ,  

any  of  them  can   be  u s e d   w i t h   s u l f o n a t e d   p o l y m e r s   in  p r o p e r  
f o r m u l a t i o n ,   w h i c h   w i l l   y i e l d   a d h e s i v e   s y s t e m s   of  v a r y i n g  

p h y s i c a l   c h a r a c t e r i s t i c s .   To  c i t e   an  e x a m p l e   in  t he   p r e s e n t  
i n v e n t i o n ,   t he   t a c k i f y i n g   r e s i n s   u s e d   a r e   t h o s e   b a s e d   o n  



h y d r o c a r b o n   r e s i n s .  

T h e s e   h y d r o c a r b o n   t a c k i f i e r   r e s i n s   a re   i n c o r p o -  

r a t e d   i n t o   t he   h o t   m e l t   a d h e s i v e   c o m p o s i t i o n   a t   25  t o  

200,  more  p r e f e r a b l y   30  to  200,  and  most  p r e f e r a b l y   35  to  150  p a r t s  
by  weight  per  100  p a r t s   by  weight   of  the  h ighly   u n s a t u r a t e d  
hydrocarbon   r u b b e r s .  

E.  Method  of  F o r m i n g   B l e n d  A d h e s i v e   C o m p o s i t i o n  

The  b l e n d   c o m p o s i t i o n s   of  t h e   h i g h l y   u n s a t u r a t e d  

h y d r o c a r b o n   r u b b e r ,   n e u t r a l i z e d   s u l f o n a t e d   e l a s t o m e r i c   p o l y -  

mer  w i t h   or  w i t h o u t   p r e f e r e n t i a l   p l a s t i c i z e r   and  the   h y d r o -  
c a r b o n   t a c k i f i e r   r e s i n   can  be  f o r m e d   by  t e c h n i q u e s   w e l l -  

known  in  t he   a r t .   For   e x a m p l e ,   t he   b l e n d   c o m p o s i t i o n   o f  

t he   h o t   m e l t   a d h e s i v e   can   be  c o m p o u n d e d   on  a  ho t   t w o - r o l l  

m i l l .   O t h e r   m e t h o d s   known  in  t h e   a r t   w h i c h   a r e   s u i t a b l e  

f o r   mak ing   t h e s e   c o m p o s i t i o n s   i n c l u d e   t h o s e   m e t h o d s   e m p l o y e d  

in  t he   p l a s t i c   and  e l a s t o m e r   i n d u s t r i e s   f o r   m i x i n g   p o l y m e r  

s y s t e m s .   An  e x c e l l e n t   p o l y m e r   b l e n d   c o m p o s i t i o n   of  t h i s  

i n v e n t i o n   can   be  o b t a i n e d   t h r o u g h   the   use  of  a  h i g h   s h e a r  

b a t c h   i n t e n s i v e   m i x e r   c a l l e d   t he   B a n b u r y .   A l t e r n a t i v e l y ,  

e c o n o m i c   a d v a n t a g e s   in  t e r m s   of  t ime   and  l a b o r s a v i n g s   c a n .  
be  o b t a i n e d   t h r o u g h   t he   use   of  a  F a r r e l   C o n t i n u o u s   M i x e r ,  

a  tw in   s c r e w   e x t r u d e r ,   or  t a n d e m   e x t r u s i o n   t e c h n i q u e s   w h i c h  

a r e   c o n t i n u o u s   m i x i n g   t y p e s   of  e q u i p m e n t .   The  B a n b u r y  

m i x i n g   d e v i c e   i s   t he   p r e f e r r e d   b a t c h - t y p e   m i x e r ,   and  t h e  

t w i n   s c r e w   e x t r u d e r   i s   t he   p r e f e r r e d   c o n t i n u o u s   m i x e r .  

F.  E x t e n d e d   B l e n d   A d h e s i v e   C o m p o s i t i o n  

To  t h e   b l e n d   c o m p o s i t i o n   of  the   h o t   m e l t   a d h e s i v e  

c o m p o s i t i o n s   can   be  a d d e d   f i l l e r s   w h i c h   a r e  -  

t a l c ,   g r o u n d   c a l c i u m   c a r b o n a t e ,  

w a t e r   p r e c i p i t a t e d   c a l c i u m   c a r b o n a t e ,   d e l a m i n a t e d ,   c a l c i n e d  

or  h y d r a t e d   c l a y ,   s i l i c a ,   a  c a r b o n   b l a c k ,   or  a  m i x t u r e  

t h e r e o f .   T h e s e   f i l l e r s   a r e   i n c o r p o r a t e d   i n t o   the  b l e n d  

c o m p o s i t i o n   at  5  to  8 0 0 ,   more  p r e f e r a b l y   at  50  to  500;  and  m o s t  



p r e f e r a b l y   at  75  to  300  p a r t s   by  weight   per  100  pa r t s   by  weight   of  t h e  

h ighly   u n s a t u r a t e d   h y d r o c a r b o n   r u b b e r .   T y p i c a l l y ,   these   f i l l e r s   have  a 

p a r t i c l e   s ize   of  0.03  to  20  m i c r o n s ,   more  p r e f e r a b l y   0.3  to  10,  and  most  

p r e f e r a b l y   0.5  to  10.  The  o i l   a b s o r p t i o n   as  measured  by  grams  of  o i l  

absorbed  by  100  grams  of  f i l l e r   is  about  10  to  100,  more  p r e f e r a b l y   10 

to  85  and  most  p r e f e r a b l y   10  to  75.  Typica l   f i l l e r s   employed  in  t h i s  

i n v e n t i o n   are  i l l u s t r a t e d   in  Table   I .  





G.  O i l   E x t e n d e d   A d h e s i v e   C o m p o s i t i o n s  

I t   i s   o b s e r v e d   t h a t   t h e   b l e n d   c o m p o s i t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   can   a l s o   i n c l u d e   o i l s   f u r t h e r   to  improve  

low  t e m p e r a t u r e   p r o p e r t i e s   and  t a c k   c h a r a c t e r i s t i c s   of  t h e  

r e s u l t i n g   a d h e s i v e  L e v e l s   of  o i l   of  1  to   1 0 0  

p a r t s   by  w e i g h t   p e r   100  p a r t s   of  t h e   h i g h l y   u n s a t u r a t e d  

h y d r o c a r b o n   r u b b e r   can  be  i n c o r p o r a t e d ,   more   p r e f e r a b l y  

1  to   90  p a r t s .   O i l s   a r e   p a r t i c u l a r l y   u s e f u l  
when  h i g h   l e v e l s   of  p e t r o l e u m   r e s i n   t a c k i f i e r s   a r e   u s e d  

s i n c e   s u c h   m a t e r i a l s   can  h a r d e n   t h e   r e s u l t i n g   c o m p o s i t i o n .  

O i l s   c an   f u r t h e r   s o f t e n   and  r e d u c e   t h e   c o s t .   T y p i c a l   o i l s  

t h a t   can   be  u s e d   may  be  low  v i s c o s i t y   a r o m a t i c ,   n a p h t h e n i c  

or  p a r a f f i n   p e t r o l e u m   o i l s ,   h a v i n g   l e s s   t h a n   2  wt .   %  p o l a r  

t y p e   c o m p o u n d s .   T y p i c a l   o i l s   a r e   i l l u s t r a t e d   in  T a b l e   I I .  





H.  Method   of  F a b r i c a t i o n   of  A d h e s i v e   C o m p o s i t i o n s  

B e c a u s e   of  t he   s i g n i f i c a n t   a d v a n c e s   in  t he   p a c k -  

a g i n g   t e c h n o l o g y ,   t h e   ho t   m e l t   a d h e s i v e   c o m p o s i t i o n s   can  b e  

used   by  c o n v e n t i o n a l   p o l y m e r   f a b r i c a t i n g   t e c h n i q u e s .   A f t e r  

the   b l e n d i n g   i s   c o m p l e t e ,   t h e   a d h e s i v e   mass   can   e i t h e r   b e  

e x t r u d e d   a n d / o r   c a l e n d e r e d   to   a  u n i f o r m   t h i c k n e s s   on  top   o f  

the   s u b s t r a t e   w h i c h   c o u l d   be  p a p e r ,   c l o t h ,   a l u m i n u m   f o i l   o r  

g l a s s   f a b r i c .   The  t e m p e r a t u r e   and  t h r o u g h p u t   of  t h e  e x t r u -  
s i o n   a r e   v a r i a b l e   d e p e n d i n g   upon  the   v i s c o s i t y   of  t h e  

t a c k i f y i n g   mass   and  the   d e s i r e d   c o a t i n g   t h i c k n e s s .   T y p i -  

c a l l y   t he   t e m p e r a t u r e   of  e x t r u s i o n s   and  r o l l s   may  be  f r o m  

a b o u t   200°  to   4 0 0 ° F .   The  s u b s t r a t e s   or  b a c k i n g s   to  w h i c h  

the   p r e s s u r e   s e n s i t i v e   a d h e s i v e   c o m p o s i t i o n s   a re   a p p l i e d  

may  be  of  v a r i o u s   p o r o u s   or   n o n p o r o u s   t y p e s   and  t h e y   may  b e  

o r g a n i c   or  i n o r g a n i c   in   n a t u r e .   Most   g e n e r a l l y ,   t h e s e  

m a t e r i a l s   a r e   t h o s e   w h i c h   a r e   c u s t o m a r i l y   e m p l o y e d   in  p r e s -  

s u r e   s e n s i t i v e   t a p e s ;   e i t h e r   t he   c l o t h   or  p a p e r   b a c k e d  

t y p e s   or  t a p e   b a c k i n g s   made  of   s y n t h e t i c   m a t e r i a l s ,   f o r  

e x a m p l e ,   p o l y e s t e r s   such   as  t h e   c o p o l y m e r   of  e t h y l e n e   g l y -  

co l   w i t h   t e r e p h t h a l i c   a c i d ,   v i n y l s   s u c h   as  a  c o p o l y m e r   o f  

v i n y l i d e n e   c h l o r i d e   and  v i n y l   c h l o r i d e ,   or  a  c o p o l y m e r   o f  

v i n y l i d e n e   c h l o r i d e   w i t h   a c r y l o n i t r i l e ,   c e l l o p h a n e ,   c e l l u -  

l o s e   a c e t a t e ,   p o l y v i n y l   c h l o r i d e ,   p o l y v i n y l   a c e t a t e ,   p o l y -  

p r o p y l e n e ,   p o l y e t h y l e n e ,   e t h y l e n e - p r o p y l e n e   p l a s t i c   c o -  

p o l y m e r .   S h e e t i n g s  a n d  t a p e s   of  c l o t h   or   t e x t i l e s   of  e i t h e r  

n a t u r a l   or   s y n t h e t i c   f i b e r   o r i g i n ,   s u c h   as  g l a s s   f i b e r  

c l o t h ,   wood  a n d  f i n a l l y   s h e e t s   or  s t r i p s   of   m e t a l s   such   a s  

s t e e l ,   c o p p e r ,   a l u m i n u m ,   and  a l l o y s   t h e r e o f   can  a l s o   b e  

e m p l o y e d .   In  g e n e r a l ,   t h e   b a c k i n g s   e m p l o y e d   a re   t h o s e   w h i c h  

have   h e r e t o f o r e   b e e n   c o n v e n t i o n a l l y   e m p l o y e d   in  p r e p a r i n g  

p r e s s u r e   s e n s i t i v e   l a b e l s ,   t a p e s ,   s h e e t i n g s   and  the   l i k e  

and  the   s e l e c t i o n   of  any  p a r t i c u l a r   s u b s t r a t e   m a t e r i a l   i s  

no t   a  s p e c i f i c   n o v e l   f e a t u r e   of  the   p r e s e n t   i n v e n t i o n .  

The  a d v a n t a g e s   of  t he   h o t   m e l t   a d h e s i v e   c o m p o s i -  

t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   can  be  more  r e a d i l y  



a p p r e c i a t e d   by  r e f e r e n c e   to  t he   f o l l o w i n g   e x a m p l e s   a n d  

t a b l e s .   U n l e s s   o t h e r w i s e   s p e c i f i e d ,   a l l   m e a s u r e m e n t s   a r e   i n  

p a r t s   pe r   h u n d r e d   by  w e i g h t .  

E x a m p l e   I  

F i v e   h u n d r e d   g rams  of  an  EPDM  t e r p o l y m e r   ( M D - 7 6 - 5 )  

was  d i s s o l v e d   u n d e r   a g i t a t i o n  i n   5000  ml.  of  n - h e x a n e   a t  

a b o u t   40°C.   A f t e r  a l l   t h i s   p o l y m e r   was  d i s s o l v e d ,   t h e  

s o l u t i o n   was  c o o l e d   to  low  t e m p e r a t u r e   and  1 7 . 2 2   ml.   o f  

a c t i v e   a n h y d r i d e   ( 1 8 2 . 2 5   mmoles)   was  a d d e d .   A f t e r   t h a t ,  

w h i l e   s t i r r i n g   t h e   m i x t u r e   6 . 3 1   cc  of  95%  H2S04  ( 1 1 . 5 0   m m o l )  

was  a d d e d   d r o p w i s e ,   t he   s t i r r i n g   of  t he   s o l u t i o n   was  c o n -  
t i n u e d   f o r   an  a d d i t i o n a l   30  m i n u t e s   fo r   t he   s u l f o n a t i o n  

r e a c t i o n   to  c o m p l e t e .   A f t e r   t h i s   p e r i o d ,   t he   s u l f o n a t i o n  

r e a c t i o n   was  i n a c t i v a t e d   by  a d d i n g   28 .63   gm  of  z i n c   a c e t a t e  

d i s s o l v e d   in  4 0 0 / 2 0   ml.   m i x t u r e   of  CH3OH/H2O.  A n t i o x i d a n t  

2246  (2 .5   gm)  was  t h e n  a d d e d   to   t h e   c e m e n t   and  s t i r r i n g   w a s  
c o n t i n u e d   f o r   an  a d d i t i o n a l   30  m i n u t e s .   The  r e s u l t a n t  
n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r p o l y m e r   was  i s o l a t e d   by  s t e a m  

s t r i p p i n g .   I t   was  t h e n   w a s h e d   w i t h   d i s t i l l e d   w a t e r   a n d  

p u l v e r i z e d   w i t h   w a t e r   in  a  W a r i n g   B l e n d e r ,   f o l l o w e d   b y  

f i l t e r i n g   by  a  r u b b e r   drum.   The  f i n a l   d r y i n g   of  t h e   p o l y -  

mer  was  done   in  an  a r o m a t i c   d r y e r   a t   1 0 0 ° C .  

The  s a m p l e   is   i d e n t i f i e d   as  n e u t r a l i z e d   s u l f o n a t e d  

EPDM  t e r p o l y m e r   1 - 1 .  

The  p r e p a r a t i o n   t e c h n i q u e   of  a  s u l f o n a t e d   EPDM 

t e r p o l y m e r   Zn  s a l t   h a v i n g   15  meq.  s u l f o n a t e   g r o u p s   ( S a m p l e s  

1-2)  were   t h e   same  as  above   of  Sample   1 - 1 .   The  o n l y   d i f f e r -  

ence   was  in   t h e   a m o u n t   of  v a r i o u s   c h e m i c a l   i n g r e d i e n t s   r e -  

q u i r e d   f o r   t h e   s u l f o n a t i o n   and  n e u t r a l i z a t i o n   r e a c t i o n .  

The  a m o u n t   of   a c e t i c   a n h y d r i d e   u s e d  ( f o r   Sample  1-2) .   w a s  
13 .40   ml  ( 1 4 1 . 7 5   m m o l e s ) ,   H2S04  4 . 9 1   cc  ( 87 .50   mmoles)   a n d  

z i n c   a c e t a t e   2 3 . 0 5   g m s .  
The  s u l f u r   a n a l y s i s   on  Sample s   1-1  and  1-2  w a s  

done  by  D i e t e r t   S u l f u r   a n a l y s i s   and  t h e s e   p o l y m e r s   w e r e  

found   to  have   s u l f o n a t e   g r o u p s   of  20  meq.  and  15  meq.  p e r  
100  gm  of  s u l f o n a t e d   p o l y m e r .  



Example   2 

The  n e u t r a l i z e d   s u l f o n a t e d   EPDM  t e r p o l y m e r s   o f  

Example   1  (1 -1   and  1 - 2 ) ,   p o l y i s o p r e n e   and  a  t a c k i f i e r   r e s i n  

such   as  W i n g t a k   P l u s   or   E s c o r e z   1310  were   d r y   b l e n d e d   i n  

t h e   p r o p o r t i o n   as  i n d i c a t e d   in   T a b l e   I I I   and  s u b s e q u e n t l y  

mixed   i n t o   a  h o m o g e n o u s   b l e n d   on  a  h o t   two  r o l l   m i l l   a t  

a b o u t   150°C  f o r   a b o u t   15  m i n u t e s .   B l e n d s   2 - 6 ,   2 - 7 ,   2-8  a n d  

2-9  a d d i t i o n a l l y   i n c l u d e   i o n i c   p r e f e r e n t i a l   p l a s t i c i z e r .  

B l e n d   2-5  i s   a  p r e s e n t l y   u s e d   c o m m e r c i a l   f o r m u l a t i o n   f o r  

h o t   m e l t   a d h e s i v e   c o m p o s i t i o n s .  

C o n c l u s i o n s  

T a b l e   IV  i l l u s t r a t e s   v a r i o u s   q u a l i t a t i v e   a n d  

q u a n t i t a t i v e   p r o p e r t i e s   of  t h e s e   b l e n d s .   I t   can  be  r e a d i l y  

n o t e d   t h a t   t h e   b l e n d s   i n c o r p o r a t i n g   t he   s u l f o n a t e d   p o l y m e r s ,  

B l e n d s   2-1  and  2 - 2 ,   a r e   n o t   o n l y   v e r y   t a c k y   b u t   have   r e l a -  

t i v e l y   good  g r e e n   s t r e n g t h .   T h e  s t r e n g t h   of  s u c h   m a t e r i a l s  

can  be  c o n t r o l l e d   b y  t h e   p r o p e r   c h a n g e s   in  t h e   f o r m u l a t i o n s  

a n d / o r   by  a d d i n g   t he   p r e f e r e n t i a l   p l a s t i c i z e r s .   Thus ,   f o r  

e x a m p l e ,   s a m p l e s   2-6  and  2 - 7  a r e   n o t   o n l y   v e r y   t a c k y   b u t  

have   e x t r e m e l y   h i g h   g r e e n   s t r e n g t h .   Such  s y s t e m s   are   e x -  

c e l l e n t   f o r   v a r i o u s   p r e s s u r e   s e n s i t i v e   a d h e s i v e   a p p l i c a -  

c a t i o n s ,   e s p e c i a l l y   as  h o t   m e l t   a d h e s i v e s .   B e c a u s e   of  t h e i r  

h i g h   g r e e n   s t r e n g t h ,   t h e s e   m a t e r i a l s   w i l l   u n d e r g o   v e r y  
l i t t l e   c r e e p   d e f o r m a t i o n s   and  t h u s   t h e i r   s h e l f   use   l i f e   c a n  
be  e x p e c t e d   to  be  s i g n i f i c a n t l y   b e t t e r   o v e r   t h o s e  c o n v e n -  
t i o n a l   a d h e s i v e s .   In   a c c o r d a n c e   w i t h   t h e i r   h i g h   s t r e n g t h ,  

t h e i r   h i g h   t e m p e r a t u r e   p r o p e r t i e s   w i l l   a l s o   be  i m p r o v e d ,  

and  t h u s   f o r  e x a m p l e ,   l a m i n a t e s   p r e p a r e d   u s i n g   such   a d -  

h e s i v e s   w i l l   n o t   be  e x p e c t e d   to   d i s t o r t   due  to  f low  or  f a i l -  

u re   i f   s u b j e c t e d   to  s u d d e n   t e m p e r a t u r e   or  p r e s s u r e   c h a n g e s .  

Some  q u a n t i t a t i v e   n u m b e r s   on  the   p e e l   s t r e n g t h   o f  

t h e s e   b l e n d s   a r e   l i s t e d   in   t he   f i f t h   co lumn  of  T a b l e   IV .  







The  p e e l   s t r e n g t h   v a l u e s   we re   o b t a i n e d   by  a  m e t h o d  

s i m i l a r   to  ASTM  D-429  a d h e s i o n   t e s t .   In  b r i e f ,   the   s a m p l e s  

we re   s a n d w i c h e d   b e t w e e n   m y l a r   s h e e t s   and  p r e s s e d   to  a  t h i c k -  

n e s s   of  a b o u t   25  m i l s   u s i n g   a  ho t   p r e s s .   R e c t a n g u l a r   s t r i p s  

of  1 / 2 "   w i d t h   and  3"  l o n g   were   c u t   and  90°  p e e l   t e s t s   w e r e  

p e r f o r m e d   on  an  I n s t r o n   a t   room  t e m p e r a t u r e .   The  r e s i n   f r e e  

s e c t i o n s   of  t h e   m y l a r   f i l m  w e r e   c l a m p e d   i n t o   a i r   jaws  t o  

a v o i d   any  s l i p p a g e   d u r i n g   p u l l i n g .   The  s a m p l e s   were  p u l l e d  

a t   5 " / m i n .   c r o s s h e a d   s p e e d .   The  f o r c e   and  e l o n g a t i o n   of  t h e  

s a m p l e s   we re   r e c o r d e d   on  a  s t r i p   r e c o r d e r .   The  f o r c e  

n e c e s s a r y   to   s e p a r a t e   the   m y l a r   s h e e t s   was  t a k e n   as  t he   p e e l  

s t r e n g t h   of  t h e   b l e n d .   The  i n i t i a l   p e a k   v a l u e s   a re   r e p o r t e d  

in  t h e   f i f t h   c o l u m n   of   T a b l e   I V .  



1.  A  hot  melt   adhes ive   c o m p o s i t i o n   which  c o m p r i s e s :  

(a)  a  h i g h l y   u n s a t u r a t e d   hydrocarbon   rubber  or  n e o p r e n e ;  

(b)  a b o u t  5   to  about  100  pa r t s   by  weight   o f  a   n e u t r a l i s e d  

su lphona ted   EPDM  t e r p o l y m e r   per  100  pa r t s   by  weight   of  sa id   h i g h l y  

u n s a t u r a t e d   h y d r o c a r b o n   rubber   or  neoprene ,   said  n e u t r a l i s e d   s u l p h o n a t e d  

EPDM  t e r p o l y m e r   having   about  5  to  50  meq.  of  n e u t r a l i s e d   s u l p h o n a t e d  

groups  per  100  grams  of  said  n e u t r a l i s e d   su lphona ted   EPDM  t e r p o l y m e r ;  

and 

(c)  about   25  to  about   200  p a r t s   by  weight  o f  a   h d y r o c a r b o n  

re s in   of  a  p e t r o l e u m   or  coal   t a r  d i s t i l l a t e   per  100  p a r t s   by  weight   o f  

said  h i g h l y   u n s a t u r a t e d   h y d r o c a r b o n   rubber   or  n e o p r e n e .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to  claim  1  wherein  sa id   h i g h l y   u n s a t u r a t e d  

hydrocarbon   rubbe r   is  p o l y i s o p r e n e .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to  e i t h e r   of  claims  l a n d   2  w h e r e i n  

said  EPDM  t e r p o l y m e r   c o n s i s t s   of  about  40  to  about  65  wt .  %  of  e t h y l e n e ,  

of  about  25  to  about  53  wt. %  of  p ropy lene   and  of  about  2  to  about  10 

wt. %  of  a  n o n c o n j u g a t e d   d i e n e .  

4.  A  hot  melt   adhes ive   c o m p o s i t i o n   accord ing   to  c la im  3  w h e r e i n  

said  n o n c o n j u g a t e d   d iene   is  5 - e t h y l i d e n e - 2 - n o r b o r n e n e .  

5.  A  c o m p o s i t i o n   a c c o r d i n g   to  any one  of  the  p r e c e d i n g   c l a i m s  

wherein  the  n e u t r a l i s e d   s u l p h o n a t e   groups  are  n e u t r a l i s e d   with  a  c o u n t e r i o n  

s e l e c t e d   from  ammonium,  aluminum,  ant imony,   i ron ,   lead  and  Groups  IA,  

IIA,  IB  and  IIB  of  the  P e r i o d i c   Table  of  E l e m e n t s .  

6.  A  c o m p o s i t i o n   a c c o r d i n g   to  any one  of  the  p r e c e d i n g   c l a i m s  

which  i n c l u d e s   about   3  to  about  75  p a r t s   by  weight  of  an  i on i c   p r e f e r e n t i a l  

p l a s t i c i z e r   per  100  p a r t s   by  weight   of  said  n e u t r a l i s e d   s u l p h o n a t e d   EPDM 

te rpo lymer ,   whe re in   said  p r e f e r e n t i a l   p l a s t i c i z e r   is  a  c a r b o x y l i c   a c i d  

having  about  8  to  about  22  carbon  atoms  per  molecu le ,   a  m e t a l l i c   s a l t   o f  

said  c a r b o x y l i c   a c i d ,   an  amides  having  an  a l i p h a t i c   group  of  about  8  t o  

about  22  carbon  atoms,  an  amine,  a  urea ,   a  t h i o u r e a   or  a  m i x t u r e   t h e r e o f .  



7:  A  c o m p o s i t i o n   a c c o r d i n g   to  any  one  of  the  p reced ing   c l a i m s  

which  i n c l u d e s   about   5  to  about  800  pa r t s   by  weight  of  a  f i l l e r   per  100 

p a r t s   by  weight   of  said  h igh ly   u n s a t u r a t e d   hydrocarbon   r e s i n ,   s a i d  

f i l l e r   being  ca lc ium  c a r b o n a t e ,   s i l i c a ,   a  carbon  b lack ,   a  c lay,   t a l c   o r  

a  m ix tu re   t h e r e o f   and /o r   l ess   than  about  100  p a r t s   by  weight  of  an  o i l  

having  less   than  2  wt.  %  p o l a r s   per  100  p a r t s   by  weight  of  said  h i g h l y  

u n s a t u r a t e d   h y d r o c a r b o n   r e s i n   or  n e o p r e n e .  

8.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  one  of  the  p r eced ing   c l a i m s  

where in   said  h y d r o c a r b o n   is  d e r i ved   from  the  p o l y m e r i s a t i o n   of  p e t r o l e u m  

or  coal   d i s t i l l a t e s   which  c o n s i s t   of  a l i p h a t i c   d i enes ,   mono-  and  d i -  

o l e f i n s   and  c y c l i c   o l e f i n s   having  5  or  6  carbon  atoms  per  m o l e c u l e .  

9.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  one  of  t h e  p r e c e d i n g   c l a i m s  

which  i n c l u d e s   from  about  1  to  about  100  p a r t s   by  weight  of  an  o i l   p e r  

100  p a r t s   by  weight   of  said  h igh ly   u n s a t u r a t e d   hydrocarbon   r e s i n ,   s a i d  

o i l   being  an  a r o m a t i c ,   n a p h t h e n i c   or  p a r a f f i n i c   b a s e s t o c k .  
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